Objectives. Social health inequalities remain a key policy challenge. The existing literature has not presented a synthetic view on the evolution of inequalities in physical development across childhood.
INTRODUCTION
Family socioeconomic status (SES) is associated with an increased risk of overweight and obesity in childhood. [1] [2] [3] [4] [5] [6] But little is known about the emergence and evolution of inequalities in physical outcomes as children grow older. Because physical measures develop over long periods, we may expect that the effect of SES be cumulative, which would mean that association between SES and development would strengthen with age. However, it is possible that inequalities remain stable or even decrease during childhood, for instance if the effect of peers at school, youth culture, and social norms cut across the influence of the family. 7, 8 Knowing the ages at which the slope of gradient changes is important because it suggests an optimal age at which policies tackling inequalities should be implemented. The current analysis contributes to this line of research by examining the evolution of the gradient in child physical development across childhood in the UK.
Evidence on the shape of the development gradient is limited and results are inconsistent. In British cohort data (from the Avon Longitudinal Study of Parents and Children --ALSPAC) that follows children from birth to age 15, the maternal education gradient in total fat mass remains flat across childhood, whereas the gradient in height increases with age, for both females and males. 9 Using
French cross-sectional and longitudinal data for children ages 0-17, a recent article finds that the trajectory of the family SES (parents' education, household income) gradient in BMI and overweight follows an inverted U-shape: inequalities increase from birth to age 8, and decrease between 8 and 17. 10 Results for the US seem somewhat contradictory. Indeed, employing cross-sectional data on children ages 2-19, a study finds that the association between income (measured by the poverty-toincome ratio) and obesity is stable with age, 11 whereas using longitudinal data on children ages 6 to 14, another article suggests that the impact of (the log of) income on BMI decreases with age. 12 Finally, in a US cohort of individuals transitioning from early to middle adulthood, the maternal education gradient in offspring BMI and obesity widens with age for both females and males. 13 The trajectory of the physical development gradient across childhood thus remains unclear.
Differences between study findings may be explained by differences in countries (social norms and health care systems in particular) and child age ranges, but also by differences in methods. Indeed, some studies do not disentangle the cohort effect (i.e. the effect related to the year of birth) from the age effect, so that the estimated "age effect" is obscured by cohort effects. In addition, these studies do not use the same development outcomes and SES variables, which could also explain why they reach different conclusions. On a related matter, most articles do not take a unified approach on the shape of the development gradient, since they employ a limited number of physical development outcomes and SES variables.
Our goal here is to provide a general view of the evolution of socioeconomic differences in physical development with age in the UK. We rely on cohort data that follows the lives of children born in [2000] [2001] [2002] . For this reason, the age effects we capture are not obscured by cohort effects. We focus on a number of physical measures, more precisely the gender-and age-adjusted weight, body mass index (BMI), overweight, fat mass, and waist circumference. We employ several SES variables, namely family income in the main analysis, and maternal and paternal education in the sensitivity analysis.
METHODS

Data
The 
Child physical development measures
The MCS contains information on the following physical development variables: weight, height, body fat mass, and waist circumference. Body fat mass is a measure of overall fat, whereas waist circumference, of central fat in the body. The measures are taken by trained interviewers. Weight and percentage fat mass are measured using the Tanita HD-305 or BF-522W scales, height using a Leicester stadiometer, and waist circumference using a SECA tape calibrated in millimetres. Weight is measured at each wave, but the other outcomes are not: body fat is measured in waves 4 and 5, and waist circumference in waves 3 and 4. BMI is calculated using the height and weight measures and is available in waves 2 to 5.
Using these pieces of information as well as child gender and age in months, we derive the genderand age-adjusted weight-, BMI-, body fat-, and waist-for-age z-scores, employing the "zanthro" Stata function with the British 1990 growth chart. 15 This enables us to obtain comparable values across sexes and ages. We complement these variables with a dichotomic variable for whether the child is overweight (including obese). This dummy is created using the "zbmicat" Stata function, which employs the BMI cutoffs recommended by the Childhood Obesity Working Group of the International Obesity Taskforce (IOTF).
Socioeconomic status
Our main SES measure is weekly family income. Income is adjusted for household size and composition using the modified Organisation for Economic Cooperation and Development (OECD) equivalence scale. 1 Income is also adjusted for inflation using the consumer price index available from the Office for National Statistics. 2 We use the logarithm of income to account for nonlinearities. Our conclusions are robust to sensitivity analysis for different SES variables (maternal of paternal education).
Statistical methods
We estimate several regression models to examine the average slope of the gradient during childhood, the gradient at each age, and the evolution of the gradient across childhood. First, to quantify the mean level of inequalities during childhood, we regress physical development outcomes on SES (the logarithm of income) and control variables. The model is adjusted for the following variables: a series of dummies for child age (in months), 3 dummies for whether the child is from a multiple birth (twins and triplets), the mother's age, a dummy for the presence of the father in the household, the father's age interacted with his presence, household size, and year dummies.
Second, we explore the existence of inequalities at each age. Specifically, we quantify the level of inequalities at each age and test whether this level is statistically significant from zero. We thus regress child outcomes on interaction terms between SES and child age group, and covariates. For instance, the data contain information on weight-for-age for five age groups (0-1 year, 2-3, 4-5, 6-8, and 10-12 years), so the regression for weight-for-age includes five interaction terms. We graph the coefficient on the interaction terms as a function of child age group, and show the 90% confidence interval of the coefficient. This approach quantifies the slope of inequalities for each age group, but does not test whether changes in inequalities across childhood are statistically significant.
Third, we check whether the evolution of inequalities as children grow older is significant. We regress child outcomes on SES and a series of interaction terms between SES and child age group, excluding 1 The scale weights the first adult as 0.67, the second adult and each child over 14 as 0.33, and each child under 14 as 0.20. 2 2015 is our reference year. See http://www.ons.gov.uk/economy/inflationandpriceindices/timeseries/d7bt. 3 Given than the evolution of physical outcomes is non-linear across childhood, using age dummies is more appropriate than entering age as a continuous measure.
the interaction term between SES and child ages 6-8 --this interaction is our reference category (covariates are included). We suppose that our outcome of interest is weight-for-age and that the coefficient on SES is negative, which means that income is negatively correlated with weight for the reference age group (ages [6] [7] [8] . If the interaction term between SES and age 10-12 years is negative, then the effect of SES on weight-for-age is significantly greater (in absolute value) at ages 10-12 than at ages 6-8, which implies that inequalities in weight widen between ages 6-8 and 10-12. We plot the coefficients on the interaction terms as a function of age groups, as well as their confidence intervals.
See supplementary material S1 for details about the regression models.
An alternative model would regress child outcome on SES, an interaction term between SES and child age (which would be a continuous variable), and controls. 13 However, this approach would assume that the evolution of the gradient is linear across childhood, which is not true in our sample --see our results below.
The regression models are estimated using ordinary least squares (OLS), clustering standard errors at the child level to account for multiple observations per child. For overweight, which is a dummy variable, we thus use a linear probability model. The analyses are conducted in Stata Version 11.
RESULTS
Sample characteristics
The mean equivalised income is £460.52. The data contain information on weight-for-age for all age groups, on BMI-for-age and overweight at ages 2-3, 4-5, 6-8, and 10-12, on body fat-for-age at ages 6-8 and 10-12, and on waist-for-age at ages 4-5 and 6-8. Sample size varies from 23,755 (body fat) to 68,013 (weight) ( Table 1) .
[Insert Table 1 here]
The mean level of disparities
We first quantify the mean level of disparities during childhood, separately by gender. Table 2 reports the coefficients on the logarithm of income. Females coming from higher-SES families have a greater weight score, and males from higher-SES background both have a greater weight and waist scores. In contrast, children from highier-income families are healthier in terms of BMI (for females), overweight, and body fat (for both genders). When income is multiplied by three approximately, 4 the probability of overweight decreases by 2.8 (95% CI -0.041 to -0.016) percentage points among females and by 2.7 (95% CI -0.038 to -0.016) percentage points among males. The gradients in BMI, overweight, and body fat have the same magnitude for both genders.
[Insert Table 2 here]
Existence of health inequalities at each age
To examine the existence of health inequalities at each age, we include a complete series of interaction terms between SES and age groups in our regression models. Figure 1 represents the coefficients on these interaction terms as a function of age, their 90% confidence intervals, and a smoothing. Each graph corresponds to a child development outcome; graphs on the left hand side are for females, whereas those on the right hand side are for males. When the lower (respectively upper) bound of a confidence interval is above (resp. below) the horizontal zero line for some age group, there is a positive (resp. negative) and significant association between income and child development variable for that age group.
For both genders, the association between income and weight goes from positive in early childhood to negative in late childhood, so that at ages 10-12, children lower-income families are significantly heavier --their weight-for-age score is larger. After a period with no social difference in early childhood, inequalities in BMI emerge starting ages 4-5 for females and 6-8 for males. In addition, higher income is significantly associated with a smaller probability of overweight for females starting ages 2-3 and for males starting 4-5. Similarly, higher income is associated with less body fat for females and males, for both age groups for which information on this outcome is available. Finally, income is positively correlated with waist circumference at ages 4-5, but the association disappears at ages 6-8, for both sexes.
[Insert Figure 1 here] Figure 1 suggests that socioeconomic inequalities in weight, BMI, overweight and body fat strengthen as children get older. For instance, for females, when income is multiplied by 2.7, the probability of overweight decreases by 1.6 percentage points (95% CI -0.032 to -0.000) at ages 2-3, but by 8.6 (95% CI -0.112 to -0.060) percentage points at ages 10-12. For males, for the same increase in income, the 4 Multiplying income by 3 (more precisely by 2.7) is equivalent to increasing the logarithm of income by 1.
probability of overweight decreases by 1.1 percentage points (95% CI -0.026 to 0.003) at ages 2-3, but by 10.4 percentage points (95% CI -0.128 to -0.079) at ages 10-12.
Evolution of inequalities with age
We test whether this trajectory of the gradient across childhood is statistically significant, by comparing the slope of the gradient for a specific age group with its slope at ages 6-8. We use interaction terms between SES and child age groups, and children ages 6-8 serve as our reference category. Figure 2 represents the coefficients on the interaction terms as a function of age, their 90%
confidence intervals, and a smoothing. When the lower (respectively upper) bound of a confidence interval is above (resp. below) the horizontal zero line for some age group, the association between income and the outcome is greater (resp. smaller) for children of that age group than for children ages 6-8.
The effect of income on weight score at ages 10-12 is significantly stronger than at ages 6-8, which supports our previous finding on the emergence of social disparities in weight in late childhood.
Inequalities in BMI and overweight widen as children grow older: indeed, the correlation between income and BMI and overweight continuously strengthens between ages 2-3 and 10-12, for both genders. Similarly, inequalities in body fat strengthen between ages 4-5 and 6-8. Differences in waist remain stable for females and decrease for males.
[Insert Figure 2 here]
Sensitivity analysis
Changes in the sample size and composition may have an impact on the evolution of inequalities with age. In particular, the number of observations varies across waves. To explore the consequences of missing data, we re-estimate our models restricting the sample to individuals with complete data at all waves for a given outcome. The results support our previous findings on the existence of inequalities favouring high-income children, for weight (at ages 10-12), BMI (from 6-8 to 10-12), overweight (starting 4-5) and body fat (at 6-8 and 10-12). The findings also suggest that disparities in these outcomes strengthen as children grow older. Like in our main analysis, we also find that there is no social difference in waist-for-age at ages 6-8. See supplementary material, Table S2 and Figure S3 .
We also check the robustness of our findings by re-estimating our models but accounting for child fixed characteristics (such as ethnicity and cultural background). We thus run our regressions on the existence of inequalities at each age including child fixed effects. By construction, these models are estimated for the sample of children who are observed at least at two points in time. The findings are consistent with a steepening of the gradient in weight, BMI, overweight and body fat with age. In addition, and in contrast with Figure 1 , we find some evidence that income-related inequalities in waist emerge between ages 4-5 and 6-8 for males. See supplementary material, Figure S4 .
Our results are also robust to sensitivity analysis for different ways of measuring SES. Specifically, we use the mother's or the father's education (the age at which they left full-time education). The results are still consistent with an increase in inequalities across childhood for all outcomes except waist-forage. See supplementary material, Figures S5 and S6 .
DISCUSSION
This article investigates whether family SES is associated with child physical measurements and whether this association changes as children get older for a cohort of British children. The key strength of this study is our unified approach to assess the trajectory of the gradient, since we focus on a range of physical development and SES variables. Inequalities are established in childhood, since significant inequalities are found in overweight and body fat-for-age for both genders, and in BMI-for-age for females. Social disparities in BMI, overweight, and body fat have the same magnitude between sexes.
Interestingly, social differences in most body size measures markedly increase as children get older.
This result is also found when we employ alternative SES variables. The widening of inequalities may reflect either the cumulative effect of family SES on child physical development, or an increase in the contemporaneous effect of SES as children grow older, or unrealized latent effects that do not appear until children are older.
Our findings on the widening of inequalities in the UK are consistent with previous evidence. Indeed, the maternal education gradients in offspring obesity and (unadjusted) BMI increase with age in the US for both females and males. 13 Using data on reported height and weight, it has also been shown that social disparities in child BMI and overweight increase from birth to age 8 and then decrease afterward in France. Our results for the UK are thus consistent with the trajectory in early childhood in
France. While we use measured physical outcomes, the study for France employs reported data, which capture subjective perceptions on body size and may be biased. This bias likely depends on family SES and child age, which could explain why our findings are different for children above 8.
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More generally, our findings are also in line with some results on the trajectory of the gradient in general health throughout childhood. 5 In particular, studies highlight that the gradient in family income 5 Recent studies also investigate the evolution of social health inequalities for adultes. 43, 44 and child subjective general health increases with age in the USA, 16, 17 Canada, 18 and France. 19 In contrast, our results are at odd with recent results on subjective general health for the UK which highlight that social inequalities in health remain constant with age. 9, 20, 21 However changes in the health gradient in the UK are still debated. 22, 23 Moreover, we need to be ready for the possibility that the trajectory of the gradient in objective physical measures and subjective general health be different.
Our results should be interpreted in light of several limitations. First, we describe the evolution of the gradient for one specific cohort of children. These children grew up in a particular policy context: starting 1999, child health featured highly on the Labour administration's political agenda, and the MCS children were born at the start of concerted policy efforts by the Labour government to reduce health inequalities. 24 For this reason, it is unclear whether our findings apply to other generations and other European countries. Second, this paper quantifies the correlation between family SES and child body size outcomes, but does not evaluate the causal impact of SES on outcomes. 25 Third, our data do not contain information on outcomes for children of all ages, so that the trajectories we describe are not complete -in particular, body fat and waist are only measured at two points in time.
Finally, our article does not give a broad overview of the role of different factors to predict child development --this would be an entire new study in and of itself. Indeed, we focus on two measures of family SES (family income and parental education), adjusting for a small number of child and household characteristics. In particular, our analysis does not take physical activity, sedentary time, and feeding practices into account, although they are major determinants of some child development outcomes: physical activity reduces child fat mass, 26 while an "low-energy-dense, low fat, high fiber" dietary pattern is negatively associated with fat mass among British children. 27 As far as schooling is concerned, our approach does not explore the role of programs related to physical activity and diet in schools. There is some evidence that they are insufficient by themselves to fight overweight in children, but that they have an effect when they are part of broader intervention policies. 28 Our study does not precisely examine the role of family structure and functioning either, although studies have found that child overweight is more prevalent among children of divorced parents 29 and that poor family functioning (poor communication, poor behavior control, and family conflicts) is correlated with increased risk of child overweight. 30 Moreover, given that the perception of healthy growth may differ between cultures and may have an effect on feeding practices, a comprehensive study should also take family cultural background into account. [31] [32] [33] Note also that parental overweight and high birth weight are significant determinants of child overweight. 34 As far as SES is concerned, in addition to family income and parents' education, parental literacy could also be used as a SES indicator --we expect literacy to be positively associated with child healthy development. On a related matter, parental health literacy and numeracy also predict development: higher health literacy decreases the odds of obesity, 35 while lower numeracy is associated with having a child who is either underweight or overweight. 36 In addition to family-level characteristics and SES, area-level factors may have an independent effect on child physical development. For instance, urbanization level is positively associated with child adiposity, 37 while neighborhood socioeconomic disadvantage increases child adiposity and obesity. [38] [39] [40] Interestingly, the effect of SES on child development might be different depending on the geographical environment: comparing the effect of family-and district-level SES on child overweight in suburban, urban, and highly urban districts, studies indicate that SES is associated with childhood overweight in more urbanized areas, but not in suburban areas. 41, 42 Accounting for all of these factors in our analysis may change the size of the coefficients on family SES, if the factors are correlated not only with child development but also with family SES. Note however that our fixed effect model already takes into account factors that remain constant over time (such as family cultural background, or urbanicity for families which do not move).
Our study highlights that the relationship between family SES and child physical outcomes is generally significant and increases with age. Several potential mechanisms may underlie this association: physical activity, dietary patterns, cultural background, and physical and social environment are undoubtedly relevant explanations. Further research exploring the role of these factors for low and high-SES families could help establish why social inequalities exist and strengthen in the early years. This could contribute to the design of policies reducing health disparities more effectively. 
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We estimate several regression models to examine the average size of the gradient during childhood, the gradient at each age, and the evolution of the gradient across childhood.
Average level of inequalities during childhood
First, to quantify the mean level of inequalities during childhood, we estimate the following regression model:
where Y is the physical development outcome, SES represents the logarithm of income, and X are the control variables.
Existence of inequalities at each age Second, we check whether income is correlated with physical outcome at each age, using the following regression: (4) (5) it β 4-5 + SES it ×1 (6) (7) (8) it β 6-8 + SES it ×1 (10) (11) (12) it β [10] [11] [12] 
where 1 (0-1) is a dummy variable that equals 1 if the child is 0-1 year old, and 0 otherwise. Similarly, 1 (2) (3) , 1 (4) (5) , 1 (6) (7) (8) , and 1 (10) (11) (12) are dummy variables that equal 1 if the child is 2-3, 4-5, 6-8, and 10-12 years old. SES×1 (0) (1) , SES×1 (2) (3) , SES×1 (4) (5) , SES×1 (6) (7) (8) , and SES×1 are interaction terms between SES and age groups. δ 0-1 thus captures the effect of SES on child physical outcome at ages 0-1. If β 0-1 is positive (respectively negative) and significantly different from zero, then the effect of SES on child development at ages 0-1 is positive (resp. negative) and significant. β 2-3 , β 4-5 , β [6] [7] [8] , and β [10] [11] [12] are defined in the same way. In Figures 1, S3 , S4, S5, and S6, we graph β 0-1 , β 2-3 , β 4-5 , β [6] [7] [8] , and β 10-12 as a function of child age group, together with their 90% confidence intervals. This approach quantifies the slope of inequalities for each age group, but does not test whether changes in inequalities across childhood are statistically significant.
Evolution of inequalities across childhood
We check whether the evolution of inequalities across childhood is significant employing the following model:
where β captures the main effect of SES. In the series of interaction terms, children ages 6-8 serve as the reference category, so δ 6-8 is set to 0. δ 0-1 captures the effect of SES on the child physical outcome at ages 0-1, compared with its effect at ages 6-8. If δ 0-1 is positive (resp. negative) and significant, then the effect of SES on child development at ages 0-1 is greater (resp. smaller) than at ages 6-8. Similarly, δ 2-3 , δ [4] [5] , and δ [10] [11] [12] capture the effect of SES on the child physical outcome at ages 2-3, 4-5, and 10-12, compared with its effect at ages 6-8. In Figure 2 , we plot δ 0-1 , δ 2-3 , δ [4] [5] , and δ 10-12 as a function of child age group, together with their 90% confidence intervals. Figure S3 . Existence of inequalities at each age, for children with complete data at all waves Notes. SES variable is family income. Covariates are included. Figure S5 . Existence of maternal education inequalities at each age Notes. SES variable is the mother's education (the age at which she left full-time education). Covariates are included. 
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